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FOREWORD 


This quarterly report wus prepared and la eubralttod by the Denver 
Division of Martin ^rletta Corporation In accordance with the requtra- 
ments of Exhibit A , Report Requiremants of Contract NAS8-29979. This 
Is an 18 month contract consisting of a 6 month Phase I and a 12 month 
Phase II. Phase 1 work was reported in Interim Report No. MCR-74-92, 
March, 1974. This quarterly report covers Phase II work performed during 
the period from ^rch 1, 1974 to May 31, 1974. The program la sponsored 
by the National Aeronautics end Space Admlnlstrotlon, George C. Marshall 
Space Plight Center, Huntsville, Alabama, with Mr. Carl Loy, the Contract- 
ing Officers Representative (COR) . The program is being performed by the 
Stress, Test, and Advanced Structures Section, Structures and Materials 
Department, Martin Marietta Corporation- -Denver Division, with Mr. John 
R. Lager serving as Program Manager (PM) . 

The follovring Martin Marietta personnel have been principal contribu- 
tors to the program: Joseph W. Maccalous and Bernard M. Burke, Composite 
..abrication; Alan E. Muhl; Metal Fabrication; Arthur Feldman. Materials; 

Joseph M. Toth, Jr., Design and Analysis; and Major L. Sanaara, Structural 
Test. 
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Durlna Phftifl X of structure 

Xeet of LlB^ttwelgh*^ Shell ,> ig ». nl^|^ In.) high subjected to 

f 57 m (ISO in.) In diameter end 3.66 m U44 in.; J materials 

a design and analyei- «tudy using (JoO Ib/ln.) axial com- 

J„d JS.pt.. The «»■>■*“ S.iJn 1. t.P«...t.tlv. of that 

Jte..lon 2‘>5-2 ‘‘“’t . Sit M«°on. Structural conccpM 

expected on a typical Space Tug ski Isogrld, and skin/ stringer/ 

.vJluatad Iticludad a kd. «rl.ty o£ ‘“"““"L 

frame. The materials .-d boron- reinforced composites. The 

Ltals as well as 81®”* dldate designs Is that they Involve 

most unique Fabrication and 

the use of vary thln-gage Mterla ® trlfv 

small panels and components rep fabrication techniques and to verify 

signs served to demonstrate p P designs evaluated, 

design and analysis honeycomb sandwich with sraphlte/ep y 

sandwich with aluminum faceaklns hon y ^teorold protection layers 

f?cesklns . and aluminum trues ao^epts result In overall 

J^TseUcted for t^lSa kg/m2 (0.53 to 0.63 

cylinder structural weight in 
lb/ft2). 

♦•Vio first three months effort under 
Thi. quarterly thl. pha.e, three 

Phase II, Pabtlcatlon and Teet. | .tructural concept. «l'l ‘P 

components of each of the ®®J®® aoproxlmately 1.83 m by 0.915 m 

fabricated. A development panel '^Xt PP - . for each structural 

(6 ft by 3 ft) overall dimensions fabrication techniques and 

foncepu Theie P®®®J® fabrication of the 

will not be bv fabrication of 1.83 m by 0.915 m 

development panels will be £ol be subjected to axial com- 

(6 ft by 3 ft) compression panels ^1- ^ ft) panel of each 

oLsslon test loading. A 0.915 m by 0.915 m (3 ft ny J 

Progress during the first _ structural test plan issued, fabrl 

all materials required for ^^®®® completed, of 

cation drawings ®°"‘Pj®*^®^’ of aluminum f ace skins, chem ™1XX 

graphlte/epoxy £®®®®^^"®‘ ®^ts a!ld faUcatlon of graphite /epoxy honey- 
S jS"h 3 devalop«ant panel. 
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II. PHASE n ^ FABRICATIOM AND lESy 


Work during Phase II of contract NAS8-29979 Involves verification 
of the predicted potential of three lightweight shell structural concepts 
designed and selected during Phase I. The aluminum honeycomb sandwich 
concept utilizes 0.025 cm (0.010 Inch) thick 2014- X6 aluminum facesklns 
bonded to 1.51 cm (0.595 inch) thick 1/8-5052-0.0007-3.1 aluminum hexcel 
core using 0.0035 Inch thick IM-24 film adhesive. The graphlte/epoxy 
honeycomb sandwich concept uses identical core and adhesive but has 
0.041 cm (0.016 Inch) thick, six layer graphlte/epoxy facesklns, The 
aluminum truss concept uses basic 3.81 cm by 2.86 cm (1 1/2 Inch by 
1 1/8 Inch) 2024-T3 aluminum tubing with 0.125 cm (0.049 inch) wall 
thickness. These basic tubes are chem milled to different web and 
flange thicknesses for the individual truss components. The joint 
attachment Is made using doubler plates mechanically fastened with 
C3R-2251 6-2 bulbed cherrylock rivets. A 0.010 cm (0.004 Inch) thick 
fiberglass sheet is bonded to the Inner and outer surfaces of the truss 
to provide meteoroid protection. 


Three panels, a 1.83 m by 0.915 m (6 ft by 3 ft) development 
panel, a 1,83 m by 0.915 m (6 ft by 3 ft) compression test panel, and 
a 0.715 m by 0,915 ra (3 ft by -3 ft) shear test panel will be fabrica- 
ted for each of the three structural concepts. Successful test of 
these panels will help to verify the predicted potential of these 
lightweight shell concepts. 

Design drawings of the panels to be fabricated during Phase II 
are included In Appendix A. These drawings will be updated In the 
event design changes are required due to unforseen manufacturlns 
difficulties. ^ 


Phase II panel fabrication plans, listed in Appendix B, were 
developed based on experience gained during Phase I fabrication develop- 
ment work. The only expected added difficulty is related to the 
significantly larger size of Phase II panels. 
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A. n ^nphlte/Epo n HnnBveotnb Snnflwlfill Pnbylcflti£i l 
Au of tho 

Bondwtch ponols have ^ ^ typical pUotomlcroRraph in 

Mna Is sho^m ® duJfno application ol; the llCth 

figure 1. hayup Lre must he Wt -n during layup to 

layer Is shown In •• ^trina of Drepreg In a particular layer, 

goJd splices hetweon adjacent is Voidable, however, a 

Some degree of Jordeveloped during Phase II which 

method of precuro d„„s \n the cured facoshln. 

ollmlnates perceivable scams or ridges tn une 
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Shin btyup 

♦45* TjOO/5208 GrAphUe % ■ Q.OOIS ln< 
-45* T500/5208 tirapblto t ■ 0.0D15 In 
Q* type 1/5208 Cr«plilte t • 0*005 In. 
0* Typt t/52QB GcAphlM t * 0.005 in. 

*“45* tJQO/5208 Crsphltn t ■ 0.0015 in 
♦45* TJOO/5208 Orsphlt* t • 0.0015 In 

PII.2A Mh.ilv. 0.02S Itflt* 

Almlnui. Kooiycort Cor. 

U/It’ 

L plrtctlon» 0* 

[ 8tBA AS AbOVi. 


(b) 


lluiuycOD.1 S.odwlctl - Ui.p1,l«o/»|>o.y r.c. SVtn. 


Figure 1 

Graphlte/Epoxy Panel Configuration 
oho Joch^^oJly 
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Vacuum Bag Syacam for Ora phi ta /Epoxy PaccHkina 


Vacuum Bag 

Style l?0 Class Cloth <2 plys) 

Solid Teflon Film 

3 Layers - Style 120 Glass Bleed Cloth 
Perforated Teflon Film 
Pink Release Cloth 
Graphite/Epoxy Faceskin Laminate 
Perforated Teflon Film 
Style lOB Glass Bleed Cloth 


Solid Teflon Film 






Aluminum Tool 


Process; 

1. Compaction Cycle 

a. Vacuum bag system shown above 

b. Full vacuum pressure 

c. Heat to 180” F in 45 min. 

d. Hold at 180”F for 10 min. 

e. Remove from autoclave and hand roll 

(Note: Do not remove bag system) 

2. Cure Cycle 

a. After compaction, with same bag system, place in autoclave 

b. Cure per NARMCO 3208 cure cyr.le 


Figure 3 

Graphite/Epoxy Faceskins 
Vacuum Bag System 
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sflClafflcfcpry during Phsan I dovelopmenu work. Prior to cure, tho Cully 
bugged pert wee heeted In the eutotleve Co 180*1? In 45 mlnuCoe, lu’d 
for 10 mlnutee and Immedletoly removed from the eutocleva, The heeCed 
layup wee then compacted with teflon peddles oe shown In Figure 4 to 
remove ridges end Irregularities caused during leyup. The compacted 
pert was then pieced back In the autoclave and cured using the Nsrineo 
5208 cure cycle. The desired and actual cure history of one of the 
graphlte/epoxy facesklns Is shown In Figure 5. A fully cured faeo- 
skln is shown In Figure 6, Pertinent data about the. five fabricated 
graphlte/epoxy facesklns are listed In Table 1. The average thickness 
of the five sheets Is slightly higher chan hop 3d for duo to proportion- 
ally smaller edge resin blood for the larger laminates. 
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A1 iimlnum Honoycomb 


T„. h„».,o „„nrt for ““‘“r,;,, 

nna n typical. photoinioroBjrnph of n ,0?.H cm ^ . 

bonded to faumJ.mim hex eel core la ahewn in f.i,ricato(i 

sUlim tor tho nUralnum honeycomb BomlMloh pono n worn 

anrlnti CUI.b quurunr by f ““‘f toloUnon 

7'tfr:?a:;iri=rub^robS 



(n) UoMoyconb Sitndwlch 


M^ntnufs Vrteo Sklnn 


figure 7 

Aluminum Panel ConJ;iguration 
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Sheet 

Number 

Minimum 

Thickness, 

Inches 

(cm.) 

Maximum 

Thickness, 

Inches 

(cm.) 

Average 

Thickness, 

Inches 

(cm.) 

Comments 

1 

0.0105 

0.0119 

0.0112 

Good 


(0.0267) 

(0.0302) 

(0.0284) 


2 

0.0X15 

. 0.0134 

0.0121 

Slightly 


(0.0292) 

(0.0340) 

(0.0307) 

Thick 

3 

0.0112 

0.0132 

0.0121 

Slightly 


(0.0284) 

(0.0335) 

(0.0307) 

Thick 

4 

0.0106 

0.0118 

0.0114 

Good 


(0.0269) 

(0.0300) 

(0.0290) 


5 

0.0109 

0.0121 

0.0114 

Good 


(0.0277 

(0.0307) 

(0.0290) 


6 

0.0093 

0.0115 

0.0110 

One small 

» 

(0.0249) 

(0.0302) 

(0.0279) 

Wrinkle 

7 

0.0101 

0.0120 

0.0111 

Two small 


(0.0256) 

(0.0305) 

(0.0282) 

Wrinkles 
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Ultlcker than prl(jlnnUy rfeslrnd, Tsxptsrlence gained in cherotcally 
milling tliaao ahccta resulted in the development of technic|ueR to* 
quired to be able to moot thicknesB toleranooa, Faceaktna numbered 
4 and 5 with average thicknoas of 0.0290 cm (0.0U4 in) will be used 
to fabricate the (6 ft by 3 ft) panel for compression testing and 
ntiirtjcr 1, with average thickness of 0.0284 cm (0.0112 inches) will 
be used to make the 0.915 m by 0,915 m (3 ft by 3 ft) shear toit 
panel » 

The step by step fabrication process used to chemically mill the 
aluminum sheets is listed In Appendix B - Manufacturing Processes. A 
typical panel Just prior to being immersed in the etchant solution is 
shown in Figure 8 and same panel inanedlately after removal is shown In 
Figure 9, 

Chemically milling large aluminum sheets to thin (0,010 inch) 
gage with reas'jnable finished thickness tolerance and surface quality 
requires that the starting blank be free of surface irregularltlea and 
have uniform thickness. The thickness tolerance on the 0.101 cm (0.040 
inch) 2014-T6 aluminum sheets used was approximately ±0.0013 cm (±0.0005) 
inches) and the chem milled sheets had a tolerance of ± 0.002 cm 
(±0.001 inches). Thickness variation caused by chem milling is asso* 
ciated with etchant being in contact with the bottom portion longer 
than the top portion during dipping and removal operations. This 

effect lo minimized by rotating the part after each iuaterial removal 
operation. 

The thin aluminum sheets are very flexible and, therefere, were 
attached to a plywood board during the chem mill operation. The sheet 
is chem milled from one side with the side adjacent to the plywood 
board masked off to prevent etchant attack. Removing material from 
one rather than both sides results In better thickness control, how- 
ever, it does cause some curvature of the finished skin due to release 
of residue stress. This curvature is not structurally degrading since 
it requires very little force to flatten the sheets. 
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aluminum truss members mSmKn’r^^^ Figure 10 couCuins tubular 

places ami bllml cherry rivet 

of the truss „m be covered with S ^ It surfaces 

Co provide meteoroid protection The finno^^ fiberglass cloth sheets 
.on«i „„<! „ai b. 

«x rtrX““''ofbSr”5\" ■•>'>’«’ *" ''pp™- 

fMturlns wo?Mlow pLn krd»»o 8““«l ™->u- 

plan to be used Is given In Appendix process 

and a diagonal member, hove been ehem m<ii ^ russ components, a horizontal 
prior to Initiation o£ LrL paLf Proceaa 

both ends, one and with ?. i ^®'*‘'^««tlon. The tubes were plugged at 

blob, n .0 ™sta“S 1 fuH poourof? 

millod to the sinallpst thickness llieao nts * ®PP°nlns sldss to bs chsm 
^icknss. c£ ™tsrlsl rcllJsr« bfctamj? "™ 

The remaining two sides were strion^si off of all four sides, 

thickness. Dimensional tolerance^on this 

0.005 cm (0.002 in.) range LsJred thickness was held within the 

^or the three panels 

ling. aecaiis are being prepared for chera mil- 

tube members of eacrt^iJs\in\e’^used^fJr'*a^^ started. The vertical 

members. Each vertical tube will be Dositlonld®!I^”®/^®d 

(The tool is essentiallv a 4 =i ^ ^ ‘’J' P^"® the tool. 

diagonal members will be fitted to the'* tool and^th' “?'^^®°"tal and 
into the tubes using the doubler sheets as guWes 

the ^nr^rj^ucrriSSL'^tci" ““ •'« « 

Appsndlk A. To verity"?. H *“'’"«««» Atawlnsn of 

were welded to the top and Lttom ^^"8 techniques, doubler plates 
mondrel piece? l??u? a? * A»PP»r 

bottom .pot uelds wore nude slmultanoi.u?!?’*"???,^*”'' "T‘ “P 
using weld-bonding In which an adheRiv» < ‘ t accomplished 

to spot welding. adhesive is added at the interfaces prior 

and tested in axtal'^tonsion^'^ A^sSple^^sLr^^ld h^d*^ samples were welded 
of 2920 N (650 lbs) per spe whi!e f b fd ®t*^«"gth 

inch bond croc t.a.S or ?“Lrd'‘c‘? 
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REPRODUCIBILITY OF THE ORIGIN/>^L PAGE IS POOR. 




Aluminum Truas 

Ma<H.fact«rinG 
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iL__ Structural Taat: Plop 

1. Introduction 

Durlnn Pha«o I of NASA Contract NAS8-29979, ''Dealan. Fabrication 

tJtl^rof**® Structures, '• a cylindrical aheU reproaen- 

tatlve of Space lug body structure was designed using a wide variety 
of structural concepts and materials. Elovon (11) of the dcsluns were 
selected as being Ccaalblo candidates and of these, nine (1) were 
subjected to further evaluation through fabrication and tost of smull 
development panels. Results of the Phase I study are given In an 
Interim Report, number MCR-74-92. Throe (3) of the doflgM evaluated 
honeycomb sandwich with aluminum faceskins, honeycomb sandwich with * 
faceskins and aluminum truss with fiberglass meteoroid 
protection layers were selected for further evaluation. This test 
plan defines structural tests to be performed on development test 
panels from each of the three structural concepts. 

2. Purpose of Tests 

purpose of these tests Is to verify predicted strength and 
1 selected Phase I structural concepts. Results of the 

tests will be used in selecting the most feasible structural concept 
for Space Tug body structure. ' concept 

3 • Descri ption of Teat Speclmena 

The test specimens consist of three compression panels approxi- 

f *" ‘’y 3 ft) and fhree shear pane?E'^ap«ox- 

Imately 0.915 m by 0.915 m (3 ft. by 3 ft.) one of each type froS 
each of the three different structural concepts. 

AnnenH?v sandwlch concept with aluminum faceskins, shown In 

0 0007 E inches) thick lightweight 1/8-5052 

0-025 cm (O.OlO inch) thick 
1-oad introduction capability Is provided 
by bonded on fiberglass end and edge tabs as shown. 

The honeycomb sandwich concept with graphlte/epoxy faceskins. shown 
in Appendix A, has a sandwich core identical to that used for the alu- 
mlnum panels and all graphlte/epoxy faceskins. These faceskins consist 
of four <J) :'-A5 layers of thin (0.0038 cm thick) T-300 graphite/ 

Narmco 5208 epoxy material and 0.025 cm (0.010 Inches ) of 0" m 

7"'°? 5208 ®poxy. Again, fiberglass tabs are provided for 
load introduction. The faccskin/core bond on all of the honeycomb 
sandwich panels is accomplished with thin (0.0089 cm thick) FM-24 
adhesive film. 

2 86 Appendix A. Is built up of 

luV ^ ^ ^ ^ ^^2 inch) thin 2024-T81 aluminum 

Ind'^CR 225l"6 doubler plates 

and CR 2251-6-2 aluminum blind cherry rivets. The inside and out- 
side truss surfaces are covered with bonded on thin (O.OlO cm thick) 
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flbergiaa s/epoxy shoeca for meteoroid protection , I.oad Introduction 
capability la provided at appropriate truaa Jolnta by thickened alu- 
minum reglona to receive 0.9S cm (3/B Inch) diameter teat bolta. 

4, Teat Loada 

The dealfjn ultimate loada tlio oxpoc'ed imulmum teat loada and 
aaaoclatod deflectlona for tl toat panri i arc Hated In Table .?• l.oad 
application ahall he in Incrementa of If percent of dealgn ultimate 
load until 90 percent of dealgn ultlinuto la reached and In 5 per cent 
incrementa thereafter until failure, Tc<it data ahall be recorded ut 
the end of each additional increment of \ >adln}j;, 

5, Method of Teat 

a, Compreasion Panda 

A acheniatic diagram of the teat aetup 1 \.t the two honeycomb 
sandwich compression test panels is shown in '’'Igurc 11. Uniformly 
distributed axial compressive load sholl be introduced Into the test 
panel through bolted on aluminum test angles. The test specimens have 
bonded on fiberglass end reinforcement for distribution of test loads. 
The sides of the test panels shall be suppurtec during test as shown 
in Figure 11, Side support angles shall prevent or resist motion nor- 
mal to the panel surface and rotations ut the sides, however, the 
panel shall be free to move vertically. 

The test setup for the aluminum truss comprcislon specimen, 
shown schematically in Figure 12, shall provide foi application of 
equal axial compressive load at the ends of each axial stringer. 

Doublers at the ends of each stringer provide meant for mechanically 
attaching test load introduction angles. The sides of the test panel 
shall be supported at truss Joints such that motion aormal to the 
plane of the panel and. Joint rotation is resisted. The side support 
shall, however, permit free vertical motion of the si'.de stringers. 

h. Shear Panels 


Uniformly distributed edge shear load shall be applied to the 
honeycomb sandwich shear test panels through a rigid "picture frame" 
apparatus as shown in Figure 1^ The test panels are provided with 
fiberglass edge reinforcement for mechanical attachment of the loading 
frame. The unloaded corners of the test panels shall be supported 
such that deflection normal to the surface of the test panel is resisted. 

The test setup for test of the truss shear panel is shown sche- 
matically in Figure 14, Equal axial tensile loads shall be applied 
at the truss Joints as shown through a single 0.95 cm (3/B inch) 
diameter hole through tVic reinforced Joint regions. The unloaded 
truss corners sViall br supported in an manner almller to thet used 
for the honeycomb sandwich shear panels. 

6, Instrumentation 
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TABLE 3 LOADS AIJD EEFLECTIONS 
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Figure 14 
Instrumentution 

Aluminum Truss Shear Specimen 
SP-Alum Truss 
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Material atralns during teat ahall be monitored ualng eighteen 
(18) atraln gegea per teat panel located aa ahown In Flgurea U-14 
Stralna ahall be recorded at the end of each added Increment of load" 
Ing, Linear motion of ^.olnta on the teat panela ahall be meuaured 
ualng linear motion tranaducera located aa ahown In Figure Il-IA, The 
teat panela uae six (6) linear motion tranaducera each. 

7. Teat Monitoring and Inapeetlon 

Photos shall be taken of the untested panela, the test setup 
prior to test and the failed panels, Anomolles In the test panels 
prior to test shall be fully documented photographically and in 
writing. 

8, Teat Report Requirements 

Copies of the raw test data shall be provided to the program 
manager the day following completion of each test. A formal test 
report including photos and plotted data shall be written by the test 
engineer following completion of the total test program. 
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Ill, Schedule end Plan for Future Work 

The program maator achedulo Indicating the pottlon of work com- 
pleted la ahown In Figure 15. 

The following work la planned for the accond quarter of Phaae II; 

1, Complete fabrication of all panels. 

2, Complete structural teat of honeycomb sandwich panels. 

3, Ultrasonic inspection of honeycomb sandwich development paneis. 
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Figure 1 5 Program Master Schedule 
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APPENDIX B 

MANUFACTURING PROCESSES 
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GRAPHITE 


HONEYCOMB SANDWICH PANELS 


Faceskln Fabrication 


1. Prepare layup tool for fabrication of faceskln 

2 , Gut graphlte/epoxy prepreg details. 

3* Layup six layers of graphlte/epoxy 

4. Apply vacuum bag system and evacuate 

5. Place In autoclave, heat to 180°F In 30 min and hold for 15 min 

6. Remove heated part from autoclave and compact with teflon paddle 
while hot 

7. Place back in autoclave and cure per Narmco 5208 cure cycle 

8. Remove cured faceskln from autoclave 

9. Remove vacuum bag system and trim faceskln to desired dimensions 

10. Repeat above steps for second faceskln 

Honeycomb Sandwich Panel Fabrication 

1. Lightly sand rough side of two graphite/epoxy facesklns 

2. Clean with MEK solvent and seal in clean bag 

3. Cut aluminum honeycomb core to size 

4. Clean core pieces by degrease, alkaline clean, rinse, deoxidizer 
etch and rinse operation 

5. Cut FM-24 adhesive film to required sizes 

6. Cut Narmco Metlbond 6602 core splice adhesive to size 

7. Layup faceskln, FM-24 adhesive, core and core splice, FH-24 adhesive, 
faceskln and 0.025" aluminum caul plate on layup tool 

8. Apply vacuum bag system and evaluate 

9. Cure in autoclave using FM-24 cure cycle 

10. Remove cured part from autoclave 

11. Remove vacuum bag system and trim cured panel to desired dimensions 

12. Prepare fiberglass end or edge reinforcement details for bonding 

13. Prepare panel end or edge regions for bonding 

14. Place flberglas reinforcement pieces and FM-24 adhesive film on 
sandwich panel 

15. Place in holding tool 

16. Cure in autoclave using FM-24 cure cycle 

17. Remove from autoclave and trim to finish dimensions 
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II. FABRICATION PLAN ALUMINUM HOMEYCOMB SANDWICH PANELS 


Faceskln Fabrication 

1. Mask one side of aluminum sheet to be uhem milled 

2. Attach masked aluminum to plywood sheet for support 

3. Chemically mill to intermediate thickness to determine etch rate 

4. Chem mill to desired thickness in steps rotating part after each 
step 

. Remove masking material from finished aluminum sheet 
. Store in sealed bag 
. Repeat above steps for second faceskin 

Honeycomb Sandwich Panel Fabrication 

Follow steps 3 through 17 of Table 1, Fabrication Plan, Graphite/ 
Epoxy Sandwich Panels 
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nX. FABRICATION PLAN ALUMINUM TRUSS PANELS 


TrusH tubo (iompouQnus 

1. Cut nlurniimm tube cotnponcntB to desired lengths 

2. Mask and trim appropriate arena prior to chera mill 

3. Chemically mill to desired dimensions 

4. Trim components to final dimensions 

Joint doubler plates 

1. Cut doubler plates to desired size 

2. Drill guide holes in plates to be used on top surface of panel 
Fiberglass meteoroid protection sheets 

1. Prepare layup tool for fabrication of fiberglass sheets 

2. Cut single style 112 prepreg cloth sheet to size 

3. Layup fiberglass sheet and vacuum bag system and evacuate 

4. Cure in autoclave using Narmco 5208 cure cycle 

5. Repeat above steps for second sheet 

Panel Assembly 

1. Place truss tube components and joint double plates in assembly 
tool 

2. Drill holes using upper doubler plates with predrilled holes as 
templete 

3. Attach using bulbed cherry lock rivets 

4. Spotweld end doubler plates of compression panel at appropriate 
places 

5. Remove panel from holding fixture 

6. Heat treat in oven to obtain -T81 temper 


